A. m. pomonella, and A. m. cypria) (Ruttner, 1992) . At the molecular level, these lineages are genetically divergent based on nuclear and mitochondrial DNA markers (Arias and Sheppard, 1996; Franck et al., 2001 ).
The Africanized honey bee (AHB) was first detected in Texas in 1990 (Sugden and Williams, 1990) , and by 2009 had spread to a total of ten states (Anonymous, 2009) . The hybrid in the USA is virtually indistinguishable in the field from the European honey bee (EHB), and requires a morphometric analysis for identification (Rinderer et al., 1993) . Mitochondrial DNA (mtDNA) is an ideal genetic marker for identifying AHB, since a single worker can represent the entire colony (Sheppard and Smith, 2000) . Introgression of AHB genes using a mtDNA marker is, however, not detectable if an EHB queen has mated with AHB drones.
Previous studies of the molecular genetics of AHB in the USA were focused on molecular diagnostics, and primarily used a region of the mitochondrial DNA (mtDNA) genome, cytochrome b (cyt b) which has a relatively low level of intraspecific variation in A. mellifera (Crozier et al., 1991) , making it ideal for molecular diagnostic purposes (Pinto et al., 2003; 2004; 2007) . In contrast to cyt b, the mtDNA cytochome oxidase I (COI) and COII genes for A. mellifera exhibit a high degree of genetic variation within and amongst lineages, and is the preferred molecular marker for detecting intraspecific genetic variation. This marker has been used for genetic analysis of honey bee populations from: Turkey (Solorzano et al., 2009) ; Mexico (Kraus et al., 2007) ; South America (Collet et al., 2006; Ferreira et al., 2009; Prada et al., 2009 ); Africa (Franck et al., 2001) ; and Australia (Chapman et al., 2008) . Previous studies of COI-COII genetic variation of AHB in Mexico, Columbia, Brazil and Uruguay have revealed several different mitotypes of the 'A' lineage in each country, with two mitotypes occurring in central Mexico (Kraus et al., 2007) , six in Columbia (Prada et al., 2009) , and five in Brazil and Uruguay (Collet et al., 2006) . To date there is no information on COI-COII DNA sequence variation of AHB in the USA, so the objective of our study was to determine the genetic diversity of AHB from the USA based on COI-COII DNA sequence data.
Materials and methods

Sampling
Specimens of adult worker honey bees were collected from Utah, New Mexico, Oklahoma, Texas, California, Florida and Arkansas and stored in 70-100% ethanol until processed for DNA extraction (Table 1, 
Genetic diversity analysis
DNA sequences were aligned with CLUSTAL W (Thompson et al., 1994) using Bioedit v5.0.7 (Hall, 1999) . Designation of mitotypes was done by comparing sequences with those available on GenBank. Number of mitotypes and their frequencies were determined both visually and with the program DNAsp version 4.10.9 (Rozas et al., 2003) . DNAsp was also used to estimate the following variables: haplotypic diversity (Hd) (Nei, 1987) , and Nei's Nm value. Nucleotide diversity was interpreted as the average proportion of nucleotide differences between all possible pairs of sequences in the sample (Hartl and Clark, 1997) , mean number of pairwise nucleotide differences (K) equation A3 (Tajima, 1983) , number of polymorphic sites (S), and the parameter Ө g . The parameter θ is the proportion of nucleotide sites that are expected to be polymorphic in any suitable sample from this region of the genome (Hartl and Clark, 1997) . To test for neutral mutation, Tajima's D (Tajima, 1989) , and D* and F* (Fu and Li, 1993) were calculated. To examine demographic stability, Fu's F s statistic (Fu, 1997 ) (based on mitotype distribution) was used.
For the phylogenetic analysis, DNA sequences were aligned using CLUSTAL W (Thompson et al., 1994) using DNA sequences from this study and additional ones from GenBank (Fig. 2) . Maximum parsimony (MP) analysis on the alignments was conducted using PAUP* 4.0b10 (Swofford, 2001 ). Due to the large size variation in the COI-COII region of Apis mellifera, the MP analysis was unrooted and no outgroup taxa were used. Gaps were treated as a missing character state for the maximum parsimony analysis. The reliability of trees was tested with a bootstrap test (Felsenstein, 1985) . Parsimony bootstrap analysis included 1,000 resamplings using the Branch and Bound algorithm of PAUP* (Swofford, 2001 ). (Fu, 1997) , and Tajima's D statistic (1989) were computed on the Oklahoma, New Mexico, Utah, Texas and all AHB samples (Table 3 ).
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Results
These tests revealed that the Texas and total AHB population had an excess of low frequency mitotypes, indicating population size expansion. The New Mexico population had both negative and positive values, while the Oklahoma population had positive values indicating that balancing selection is occurring.
For the maximum parsimony analysis, a total of 853 characters were used, of which, 31 were parsimony informative (gaps treated as missing). The MP analysis resulted in a single unrooted tree with a consistency index value of 0.881. The consensus MP phylogenetic tree had the representatives of the four A. mellifera lineages (M, C, O, and A) form distinct clades (Fig. 2) . Within the 'A' lineage clade, mitoypes
A26abc formed a sister group with an A26, A25 and A14 sequences from Namibia. Mitotypes A1, A1d, A1e, A30 and A4 formed a common clade with A27, A8 and A1abc mitotypes from Zambia and Brazil.
Finally, mitotypes A29a and A29 from Brazil formed a distinct clade relative to the other 'A' lineage mitotypes (Fig. 2) .
Discussion
The Mitotypes A26abc are slightly different from mitotype A26 based on Dra I restriction patterns and would fall in between mitotypes A25 and A26 (Franck et al., 2001 ). This could be an explanation for the lack of mitotypes A1d, A26a, A26b, A26c, and A29a in other studies, and for the high levels of intraspecific variation observed among 'A' lineage mitotypes in the USA relative to other countries where the 'A' lineage occurs. Kraus et al. (2007) using primarily Dra I PCR-RFLP data found two AHB mitotypes in central and southern Mexico, A1, A4. The A1 mitotype was more common than the A4 mitotype, which was also observed in our samples from the USA (when combining mitotypes A1 and A1d). As previously mentioned, additional mitotypes probably exist in Mexico, but were not found due to the reduced sensitivity of PCR-RFLP to detect genetic variation compared with DNA sequencing. mitotype was more common in southern Brazil (Collet et al., 2006 ).
This clinal variation, which also occurs in Africa (Collet et al., 2006) may explain why A1 is more common in both Mexico (Kraus et al., 2007 ) and the USA.
The origin of the A4 and A26 mitotypes can be attributed to the introduction of A. m. scutellata to Brazil in 1956 (Collet et al., 2006 Future research is required to determine whether there is a difference in the levels of aggression amongst 'A' lineage mitotypes in the USA, and whether there are any temporal or clinal patterns in the distribution of AHB in the USA.
